This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J 



(12) 



Europ&isches Patentamt 
European Patent Office 
Office europgen des brevets (1 1 ) EP 0 883 198 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

09.12.1998 Bulletin 1998/50 

(21) Application number: 98109018.6 

(22) Date of filing: 18.05.1998 



(51) int. CI. 6 : H01M 4/32, H01M 4/29 



(84) Designated Contracting States: 


• Onishi, Masato 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Fujisawa-shi (JP) 


WICNLPT SE 


• Yoshii, Fumihlko 


Designated Extension States: 


Fujisawa-shi (JP) 


ALLTLVMKROSI 


• Kajikawa, Tatsushl 




Kamakura-shi (JP) 


(30) Priority: 03.06.1997 JP 144872/97 




(74) Representative: 


(71) Applicant: 


Buhling, Gerhard, Dipl.-Chem. et al 


MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 


PatentanwaltsbOro 


Kadoma-shi Osaka (JP) 


Tiedtke-BUhllng-KInne & Partner 


(72) Inventors: 


Bavariaring 4 


80336 Munchen (DE) 


• Maruta, Masayoshi 




Kamakura-shi (JP) 





(54) Substrate for alkaline storage battery, process for producing the same and alkaline storage 
battery 



(57) This invention relates to an improvement in a 
sintered nickel substrate for alkaline storage batteries. 
The sintered nickel porous plaque substrate is prepared 
by a process comprising coating the surface of the sin- 
tered nickel powder with a nickel oxy hydroxide coating 
by anode oxidation in an alkali solution, then attaching a 
cobalt salt to the nickel oxyhydroxide coating and, while 
subjecting the cobalt salt to an alkali conversion treat- 
ment, through an oxidation-reduction reaction between 
nickel oxyhydroxide and cobalt hydroxide; converting 
the nickel oxyhydroxide coating into a nickel hydroxide 
coating and forming a cobalt oxyhydroxide layer as a 
uniform film on the outside of the nickel hydroxide coat- 
ing. 
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Description 

BACKGROUND ART 

1. Field of the Invention s 

The present invention relates to an improvement in 
nickel positive electrode used for alkaline storage bat- 
teries, such as nickel-cadmium storage batteries and 
nickel-metal hydride storage batteries. In more particu- 10 
lar, it relates to an improvement in sintered nickel sub- 
strates used as the electrode base of these batteries. 

2. Description of the Related Art 

15 

In general, the positive electrode plate used for 
alkaline storage batteries discharged at a large electric 
current and charged in a short time, namely storage 
batteries for so-called high-rate charge and discharge, 
is a sintered nickel electrode which has a low internal 20 
resistance and is excellent in cycle life characteristics. 
The sintered nickel electrode is produced as follows. A 
sintered nickel porous plaque substrate used as the 
support for an active material is prepared by coating 
carbonyl nickel powder on a core material, followed by 25 
sintering at high temperature. The substrate is then 
dipped in an acidic solution of a nickel salt, such as 
nickel nitrate. Then the substrate is dipped in an aque- 
ous alkali solution to convert the nickel salt impregnat- 
ing the pores into nickel hydroxide. The above- 30 
mentioned series of active material filling operation is 
repeated several times until a desired amount of the 
active material is obtained. 

The reason for repeating the filling operation is that 
one time of active material filling operation is insufficient 35 
to give a desired amount of the active material. There- 
fore, the desired amount of the active material is filled by 
repeating the filling operation several times. It is already 
known, in order to increase the efficiency of filling the 
active material into the substrate to reduce the number 40 
of times of filling operation and thereby to simplify the 
electrode production steps, to increase the concentra- 
tion of the nickel salt, e.g. nickel nitrate, used in its aque- 
ous solution thereby to increase the amount of active 
material filled into the substrate by one time of filling 45 
operation. 

The concentration of nickel nitrate in its aqueous 
solution can be kept high by heating the aqueous solu- 
tion to a high temperature, whereby the solubility of the 
salt increases and a specific gravity of the solution of so 
1 .7 - 1 .8 can be reached. 

However, an aqueous nickel nitrate solution of such 
a high concentration has a low pH and hence, owing 
additionally to its high temperature, is highly corrosive to 
metals. When a sintered nickel substrate is dipped in 55 
such a solution for a long time, the nickel metal consti- 
tuting th substrate goes into solution by corrosion, and 
the mechanical strength as a sintered body is 



decreased. 

Therefore, when a battery using a positive elec- 
trode plate constituted of a sintered nickel substrate 
which has received such a treatment is subjected to 
repeated charge and discharge, since the charge-dis- 
charge reaction accompanies the swelling and shrink- 
age of the active material, the substrate with a lowered 
mechanical strength is partly broken and/or widened by 
the swelling of the active material, and hence the nickel 
electrode readily swells. Consequently, the pore volume 
of the swollen positive electrode plate increases, the 
electrolyte held in the separator is taken into the enlarge 
pores, and the amount of the electrolyte in the separator 
relatively decreases. 

Resultantly, the separator comes to be exhausted 
of the electrolyte, which increases the resistance at the 
time of battery reaction and causes deterioration of dis- 
charge characteristic. The abovementioned phenom- 
ena proceed with the progress of the charge-discharge 
cycle of the battery, resulting in marked deterioration of 
the battery capacity. 

In recent years, batteries with higher energy density 
have been eagerly desired and consequently the use of 
high porosity sintered nickel substrates has become 
necessary Accordingly, it has been attempted to attain 
a high energy density by using a high porosity substrate 
having a high proportion of pore part obtained by reduc- 
ing the amount of nickel used, dipping the substrate in 
an acidic aqueous nickel salt solution of high tempera- 
ture and high concentration to increase the filled 
amount of active material, and further conducting the 
above-mentioned filling operation a number of times. 

However, since the amount of nickel constituting 
such a substrate is small, the sintered substrate has a 
low mechanical strength. Moreover, since a corrosive, 
high temperature, acidic aqueous nickel salt solution is 
used, the thin skeleton of the sintered nickel body is 
readily deteriorated in its mechanical strength even with 
a small amount of corrosion, and the electrode prepared 
by such a method is poor in durability. Accordingly, 
when the electrode is used to prepare an alkaline stor- 
age battery having a high energy density, the battery is 
liable to undergo marked deterioration of capacity in the 
charge-discharge cycles of the battery. 

To solve the above-mentioned problem, it has been 
proposed in JP-A-59-96659 to form oxidation-resistant 
nickel oxide on the surface of sintered nickel of a sin- 
tered nickel substrate by heating the substrate at high 
temperature in the presence of oxygen, in order to pre- 
vent the corrosion of the substrate. However, this 
method also has a problem. When the amount of nickel 
oxide formed is small a sufficient corrosion preventive 
effect cannot be obtained and the corrosion of the sub- 
strate cannot be suppressed sufficiently. On the con- 
trary, when the amount of nickel oxide formed is 
increased, the corrosion of the substrate can be sup- 
pressed but, since nickel oxide itself is poor in electric 
conductivity, the increase results, materially, in the exist- 
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ence of a semiconductor or a non-conductor between 
the activ mat rial and the substrate and hence the 
conductivity between the two is greatly decreased. 
Resultantly the utilization factor of the active material 
when used in an electrode is lowered. 

JP-A-63-216268 discloses a method of preventing 
the corrosion of a sintered nickel substrate itself by 
forming a layer of cobalt oxide on the surface of the sub- 
strate. In this method, however, a considerable amount 
of cobalt oxide must be added to suppress the corrosion 
of the substrate sufficiently, whereas when the amount 
of cobalt is small the formation of the coating layer is 
incomplete and the corrosion cannot be prevented 
effectively. 

Thus, in order for the cobalt oxide layer to act effec- 
tively for preventing the corrosion of a sintered sub- 
strate, it is important that the whole of the sintered nickel 
porous plaque substrate, including its internal and 
external skeletons, is coated closely without leaving a 
gap. When the cobalt oxide layer has a pinhole in some 
parts thereof, corrosion of the substrate skeleton pro- 
ceeds from the parts. In a sintered nickel substrate, 
even a part thereof is corroded, the potential of the sub- 
strate lowers to reach the dis-solution potential of nickel, 
and corrosion proceeds over the whole of the substrate. 
c For example, one of the methods used for coating 
the surface of a sintered nickel substrate with a cobalt 
oxide layer comprises forming on the surface of a sin- 
tered nickel substrate cobalt hydroxide in the form of 
fine particles and then converting the hydroxide into 
cobalt oxide by heat treatment. Since the reaction is 
proceeded in the state of particles in this method, pin- 
holes develop inevitably in the cobalt oxide layer. Con- 
sequently, the sintered nickel substrate is corroded 
starting from the pinhole parts of the oxide layer. Pro- 
tecting the sintered nickel substrate effectively from cor- 
rosion cannot be attained unless the cobalt oxide is 
attached to the substrate in such a large amount as to 
effect adversely on the electric properties of the result- 
ing substrate, particularly the voltage characteristic. 

Another method used for forming the cobalt oxide 
layer comprises dipping a sintered nickel substrate in an 
acidic aqueous solution of a cobalt salt, such as cobalt 
nitrate, followed by drying, then dipping the substrate in 
an aqueous alkaline solution to effect conversion of the 
cobalt salt into cobalt hydroxide, and then heating the 
substrate to effect oxidation of the hydroxide. In this way, 
a cobalt oxide layer can be formed on the surface of 
nickel constituting the sintered nickel substrate, but the 
oxide layer formed is sometimes non-uniform and devel- 
ops pinholes. Moreover, the use of an acidic aqueous 
cobalt salt solution causes the corrosion of the sintered 
nickel body in the steps of dipping and subsequent dry- 
ing. 

SUMMARY OF THE INVENTION 

The main object of the present invention is to pro- 



vide, overcoming the previous problems mentioned 
above, an alkaline storage battery which shows a good 
utilization factor of the positive electrode active material 
without substantially lowering the operating voltage at 

5 the time of discharge by preventing the corrosion of a 
sintered nickel substrate while improving its electrocon- 
ductivity at the same time and incorporating an elec- 
trode using the resulting substrate into an alkaline 
storage battery. 

10 To attain the above-mentioned object, the present 
invention uses, as the sintered nickel porous plaque 
substrate used as the base of the positive electrode, a 
substrate wherein the surface of the sintered nickel is 
covered with a nickel hydroxide coating and a cobalt 

75 oxyhydroxide layer is further formed on the outside of 
the nickel hydroxide coating. 

The first object of the present invention is to provide 
a sintered nickel substrate for alkaline storage batteries 
wherein the whole of the surface of the sintered nickel is 

20 covered with a nickel hydroxide coating and a cobalt 
oxyhydroxide layer is further formed on the outside of 
the nickel hydroxide coating. 

By forming a nickel hydroxide coating on the sur- 
face of the sintered nickel constituting the sintered sub- 

25 strate, a good effect of preventing the corrosion of the 
nickel skeleton can be obtained and cobalt salts, which 
are highly corrosive, can be used in the step of forming 
a cobalt oxyhydroxide layer on the outside of the nickel 
hydroxide coating. Moreover, the resulting substrate is 

30 improved in electric conductivity since it is provided on 
the outermost surface with a cobalt oxyhydroxide layer. 

The second object of the present invention is to pro- 
vide a nickel positive electrode for alkaline storage bat- 
teries obtained by subjecting a sintered nickel porous 

35 plaque substrate wherein the whole of the surface of the 
sintered nickel constituting the substrate is covered with 
a nickel hydroxide coating and a cobalt oxyhydroxide 
layer is further formed on the outside of the coating to a 
series of active material filling operations comprising 

40 dipping the substrate in an acidic aqueous nickel salt 
solution, followed by drying, and then dipping the sub- 
strate in an aqueous alkali solution to effect conversion 
of the nickel salt into nickel hydroxide. 

Since a sintered nickel porous plaque substrate 

45 excellent in corrosion resistance is used, filling opera- 
tions can be conducted a number of times using a high 
concentration, high temperature aqueous nickel salt 
solution, and thereby a nickel positive electrode with a 
high filling density can be obtained. 

so The third object of the present invention is to pro- 
vide an alkaline storage battery constructed essentially 
of the above-mentioned nickel positive electrode, a neg- 
ative electrode, a separator and an alkaline electrolyte. 
The positive electrode comprises a sintered nickel 

55 porous plaque substrate filled with an active material, 
the whole of the surface of the sintered nickel constitut- 
ing the substrate being covered with a nick I hydroxide 
coating, and a cobalt oxyhydroxide layer being further 
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formed on the outside of the nickel hydroxide coating. 

Since a sintered nickel porous plaque substrate 
excellent in corrosion resistance and electroconductivity 
is used, the corrosion of the substrate can be prevented 
while a good conductivity being maintained, the operat- s 
ing voltage at the time of discharge does not lower 
materially, and a good utilization of the positive elec- 
trode active material can be attained. 

The fourth object of the present invention is to pro- 
vide a process for producing a sintered nickel substrate 10 
for alkaline storage batteries which comprises subject- 
ing a sintered nickel porous plaque substrate to anode 
oxidation in an aqueous alkali solution to form a nickel 
oxyhydroxide coating on the surface of the sintered 
nickel, then attaching a cobalt salt to the surface of the is 
nickel oxyhydroxide and, while subjecting the cobalt salt 
to an alkali conversion treatment, through an oxidation- 
reduction reaction between nickel oxyhydroxide and 
cobalt hydroxide, converting the nickel oxyhydroxide 
coating into a nickel hydroxide coating and forming a 20 
cobalt oxyhydroxide layer on the outside of the nickel 
hydroxide coating. 

Thus, by forming a nickel oxyhydroxide coating on 
the surface of the nickel constituting the sintered sub- 
strate, the nickel skeleton of the substrate is effectively 25 
prevented from corrosion in the step of forming a cobalt 
oxyhydroxide layer. Furthermore, the nickel oxyhydrox- 
ide coating attracts cobaltic acid ions to its outside and 
causes oxidation and reduction reactions simultane- 
ously, whereby the cobalt oxyhydroxide coating is con- 30 
verted to a nickel hydroxide coating and further a 
uniform cobalt oxyhydroxide layer can be formed on the 
outside of the nickel oxyhydroxide coating. 

BRIEF DESCRIPTION OF DRAWINGS 35 

Fig. 1 is a schematic sectional view of a sintei 
nickel substrate in the Example of the present invent} an. 

Fig. 2 is an enlarged schematic drawing showing 
the surface of the sintered nickel powder constituting 
the sintered nickel substrate in the Example of tpe 
present invention. 

Fig. 3 is a partly sectional view of a nickel-cadmi 
storage battery in the Example of the present inventioi 

Fig. 4 is an enlarged schematic drawing showin] 
the surface of the sintered nickel powder constituting 
sintered nickel substrate in Comparative Example. 

Fig. 5 is a graph showing the relation between the 
dipping time and the substrate potential of a substrate 
dipped in an aqueous nickel nitrate solution. 50 

Fig. 6 is a graph showing the discharge capacity vs. 
the number of charge-discharge cycles of respective 
batteries. 

DETAILED DESCRIPTION OF THE INVENTION . 55 

The present invention is described, in detail below 
with reference to Example and the accompanying draw- 




ings, but the invention is not to be limited by the Exam- 
ple. 

Example 

On the both surfaces of a porous conductive core 
material 1 formed of a nickel-plated iron sheet 60 ^m in 
thickness was coated a slurry comprising mainly nickel 
powder 2. The coated sheet was dried and then sub- 
jected to a sintering treatment of keeping the sheet in an 
reducing atmosphere at 1000°C for 5 minutes, to sinter 
the nickel powder 2. Thus, a sintered nickel substrate 
with a porosity of about 85% was prepared. 

The sintered nickel substrate was dipped in an 
aqueous sodium hydroxide solution of a concentration 
of 25% and liquid temperature of 80°C. Then electroly- 
sis was conducted by using the sintered substrate as 
the anode and placing a nickel plate opposite thereto as 
the cathode so as to give an electrolytic potential (vs. 
Ag/AgCI) of 0.3 V for 10 minutes, to form a nickel oxyhy- 
droxide coating on the surface of the sintered nickel 
powder 2. Then, the substrate was washed thoroughly 
with water to remove the aqueous sodium hydroxide 
solution and then dried. Subsequently the substrate 
was dipped in an aqueous cobalt nitrate solution of a liq- 
uid temperature of 25°C, specific gravity of 1 .05 and pH 
of 2 for 10 minutes, then thoroughly dried at 80°C, 
dipped in an aqueous sodium hydroxide solution of a liq- 
uid temperature of 80°C and concentration of 25%, and 
further dried without removing the aqueous sodium 
hydroxide solution at 100°C for 30 minutes. Thereafter 
the substrate was washed thoroughly with water to 
remove the aqueous sodium hydroxide solution and 
then dried. Thus, a sintered nickel substrate 3 in the 
Example of the present invention was prepared. Fig. 1 
shows a schematic sectional view of the substrate 3. 

ie steps of preparation of the sintered substrate 
3 described above, the nickel oxyhydroxide coating, 
formed by anode-oxidation of the surface of the sintered 
nickel powder 2, attracts cobaltic acid ions present in 
the aqueous sodium hydroxide solution and participates 
in an oxidation-reduction reaction with the interposition 
of oxygen, and the coating is converted by reduction 
into a nickel hydroxide coating 4. Further, on the outside 
of the nickel hydroxide coating 4, a cobalt oxyhydroxide 
layer 5 having a high corrosion resistance is formed by 
the oxidation of cobalt hydroxide in the form of awirform 
orating. 

In the Example described above, an aqueous 
sodium hydroxide solution of a liquid temperature of 
80°C was used for the anode oxidation of the sintered 
nickel substrate. The liquid temperature is preferably in 
the range of 70-90°C. The anode oxidation was con- 
ducted at an electrolytic potential of 0.3 V (vs. Ag/AgCI) 
for 10 minutes. The electrolytic potential is preferably in 
the range of 0.1-0.5 V and the electrolytic time is prefer- 
ably in the range of 5-30 minutes. 

Fig. 2 shows an enlarged schematic view of a part 
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of the sintered nickel powder 2 constituting the sintered 
nickel substrate 3. 

As shown in Fig. 2, the surface of the sintered nickel 
powder 2 is covered with a nickel hydroxide coating 4, 
and further on the outside of the coating 4 is formed a 5 
cobalt oxyhydroxide layer 5 as a uniform film with no 
pinhole and no falling off. 

Examination of the sintered substrate 3 with a 
transmission electron microscope revealed that the 
thickness of the nickel hydroxide coating 4 mentioned 10 
above was 30 A and the thickness of the cobalt oxyhy- 
droxide layer 5 mentioned above was 0.08 jim. 

The sintered substrate 3 was subjected to a series 
of active material filling operations comprising dipping 
the substrate in an aqueous nickel nitrate solution of a 15 
liquid temperature of 80°C, specific gravity of 1.75 and 
pH of 1 .5, drying it thoroughly at 80°C, then dipping it in 
an aqueous sodium hydroxide solution of a liquid tem- 
perature of 80°C and a concentration of 25% to effect 
conversion of the nickel salt into nickel hydroxide of an 20 
active material, then washing it thoroughly with water to 
remove the alkali solution, followed by drying. The filling 
operation was conducted repeatedly 5 times, to prepare 
a nickel positive electrode 6. A nickel-cadmium storage 
battery 9 having a nominal capacity of 1.2 Ah was pre- 25 
pared from the positive electrode 6, a negative elec- 
trode 7 comprising cadmium as the main constituent 
material, a separator 8 and an alkaline electrolyte. A 
partly sectional view of the battery 9 is shown in Fig. 3. 

30 

Comparative Example 1 

A sintered nickel substrate with a porosity of about 
85% obtained by sintering nickel powder in a reducing 
atmosphere was dipped in an aqueous cobalt nitrate 35 
solution of a liquid temperature of 25°C, specific gravity 
of 1.05 and pH of 2 for 10 minutes, thoroughly dried at 
80°C, then dipped in an aqueous sodium hydroxide 
solution of a liquid temperature of 80°C and concentra- 
tion of 25%, and dried at 100°C for 30 minutes without 40 
removing the aqueous sodium hydroxide solution. Then 
the substrate was washed thoroughly with water to 
remove the aqueous sodium hydroxide solution, and 
dried to obtain a sintered substrate. An enlarged sche- 
matic view of the surface of the sintered nickel powder 2 45 
constituting the sintered substrate is shown in Fig. 4. As 
shown in Fig. 4, since cobalt hydroxide which had 
adhered unevenly to the surface of the sintered nickel 2 
was converted into a cobalt oxyhydroxide layer 5 by 
heat treatment, pinholes 1 1 are present at parts to so 
which cobalt hydroxide had not adhered. 

The sintered substrate obtained above was sub- 
jected to the same series of active material filling opera- 
tions as in Example repeatedly 5 times to obtain a nickel 
positive lectrode. A nickel-cadmium battery a with a ss 
nominal capacity of 1 .2 Ah was prepared from the posi- 
tive electrode obtained above, a negative electrode 
comprising cadmium as the main constituent material, a 



separator and an alkaline electrolyte. 
Comparative Example 2 

A sintered nickel substrate with a porosity of about 
85% obtained by sintering nickel powder in a reducing 
atmosphere was dipped in an aqueous cobalt nitrate 
solution of a liquid temperature of 25°C, specific gravity 
of 1.30 and pH of 2 for 10 minutes, thoroughly dried at 
80°C, then dipped in an aqueous sodium hydroxide 
solution of a liquid temperature of 80°C and concentra- 
tion of 25%, and dried at 100°C for 30 minutes without 
removing the aqueous sodium hydroxide solution. Then 
the substrate was thoroughly washed with water to 
remove the aqueous sodium hydroxide solution and 
dried, to obtain a sintered substrate. 

The sintered substrate was subjected to the same 
series of active material filling operations as in Example 
repeatedly 5 times to obtain a nickel positive electrode. 
A nickel-cadmium storage battery C with a nominal 
capacity of 1.2 Ah was prepared from the positive elec- 
trode obtained above, a negative electrode comprising 
cadmium as the main constituent material, a separator 
and an alkaline electrolyte. 

The sintered substrate obtained in Example and the 
sintered substrates obtained in Comparative Examples 
1 and 2 were respectively dipped in an aqueous cobalt 
nitrate solution of a liquid temperature of 80°C, specific 
gravity of 1.75 and pH of 1.5 and examined for the 
change of potential of the substrate with the lapse of 
time. The results obtained are shown in Fig. 5. 

. As shown in Fig. 5, in the substrate of Comparative 
Example 1, the sintered nickel powder is corroded by 
the aqueous nickel nitrate solution infiltrating from pin- 
holes and the potential lowers sharply to the dissolution 
potential of nickel. This is because, as already shown in 
Fig. 4, the surface of the sintered nickel powders 2 is 
covered unevenly with the cobalt oxyhydroxide layer 5, 
leaving pinholes 1 1 in some parts of the surface. 

It can be considered that, in the substrate of Com- 
parative Example 2, the surface of the sintered nickel 
powder 2 is coated with a large amount of cobalt oxyhy- 
droxide, leaving few pinholes, and hence the potential 
lowers very slowly. In the substrate according to the 
present invention, on the other hand, it can be consid- 
ered that the surface of the sintered nickel powder is 
covered with a uniform nickel hydroxide coating 4 free 
from pinholes and further coated thereon with a cobalt 
oxyhydroxide layer 5, and hence the potential shows 
substantially no change. 

The battery A obtained in Example and the batter- 
ies B and C obtained in Comparative Examples 1 and 2 
were respectively charged at a current of 1.2 A (1C) for 
1 .5 hours and then discharged until the terminal voltage 
reached 1.0 V, this charge-discharge cycle being 
termed one cycle, and the charge-discharge was done 
repeatedly. The change of discharge capacity of each of 
the batteries with the number of repeated charge<lis- 
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charge cycles is shewn in Fig. 6. 

As shown in Fig. 6. the battery B lowers its capacity 
sharply from about 150 cycles as the border. The bat- 
tery C also lowers the capacity sharply from about 350 
cycles as the border. On the contrary, the battery A of 5 
the present invention shows virtually no lowering of the 
voltage until 600 cycles. 

These results can be interpreted as follows. In the 
batteries B and C of Comparative Examples, the sin- 
tered nickel substrate is corroded when dipped in a 10 
strongly acidic aqueous nickel nitrate solution and 
hence the mechanical strength of the sintered substrate 
is lowered. Therefore, when the charge and discharge 
are repeated, the corroded electrode is swollen owing to 
the expansion and shrinkage of the active material. 15 
Accordingly, the pore volume of the positive electrode 
increases, and the electrolyte in the separator is taken 
into the enlarged pores to reduce the amount of electro- 
lyte in the separator itself. Resultantly, the separator 
gets exhausted of liquid, which results in increased 20 
electric resistance of the separator and lowered dis- 
charge characteristic, and consequently the deteriora- 
tion of the capacity in the charge-discharge cycles of the 
battery takes place. Further, the charge-discharge cycle 
characteristic has greatly changed with the progress of 25 
the corrosion of the nickel electrode. 

In contrast, in the battery A of the present invention, 
the surface of the sintered nickel powder constituting 
the sintered substrate is covered with a nickel oxyhy- 
droxide layer having a high corrosion resistance by sub- 30 
jecting the sintered nickel substrate to anode oxidation 
in an alkali solution. Therefore, the nickel skeleton of the 
sintered body can be prevented from corrosion even in 
the step of forming the cobalt oxyhydroxide layer. Fur- 
ther, by subjecting the nickel oxyhydroxide layer 35 
obtained by the anode oxidation to a heat treatment 
without removing the aqueous alkali solution, the nickel 
oxyhydroxide is converted to nickel hydroxide through 
the oxidation-reduction reaction which proceeds with 
the interposition of cobaltic acid ions present in the 40 
aqueous sodium hydroxide solution and oxygen, and 
further on the outside of the nickel hydroxide layer, a 
cobalt oxyhydroxide layer having a.high corrosion resist- 
ance is formed uniformly; resultantly, a substrate having 
a high corrosion resistance can be obtained with a small 45 
amount of cobalt. By using the substrate having a high 
corrosion resistance, an alkaline storage battery has 
been obtained which undergoes no lowering of the 
operating voltage at the time of discharge and shows a 
good utilization of the active material. so 

In the sintered nickel substrate used in Example 
described above, the surface of the nickel powder is 
covered with a nickel hydroxide coating 30 A in thick- 
ness, and a cobalt oxyhydroxide layer 0.08 jim in thick- 
ness is further formed thereon. In the present invention, 55 
the thickness of the nickel hydroxide coating is prefera- 
bly smaller than that of the cobalt oxyhydroxide layer, 
more preferably in the range of 10-100 A. The thickness 



10 

of the cobalt oxyhydroxide layer is preferably in the 
range of 0.05-0.2 ^m. 

The nickel hydroxide coating covering the surface 
of the sintered nickel powder constituting the sintered 
substrate used in the positive electrode of the battery of 
Example changes cyclically into nickel hydroxide and 
nickel oxyhydroxide by the charge and discharge of the 
battery. 

This invention relates to an improvement in a sin- 
tered nickel substrate for alkaline storage batteries. The 
sintered nickel porous plaque substrate is prepared by a 
process comprising coating the surface of the sintered 
nickel powder with a nickel oxyhydroxide coating by 
anode oxidation in an alkali solution, then attaching a 
cobalt salt to the nickel oxyhydroxide coating and. while 
subjecting the cobalt salt to an alkali conversion treat- 
ment, through an oxidation-reduction reaction between 
nickel oxyhydroxide and cobalt hydroxide; converting 
the nickel oxyhydroxide coating into a nickel hydroxide 
coating and forming a cobalt oxyhydroxide layer as a 
uniform film on the outside of the nickel hydroxide coat- 
ing. 

Claims 

1. A sintered nickel porous plaque substrate for alka- 
line storage batteries wherein the whole of the sur- 
face of the sintered nickel constituting the substrate 
is covered with a nickel hydroxide coating and a 
cobalt oxyhydroxide layer is further formed on the 
outside of the nickel hydroxide coating. 

2. A nickel positive electrode for alkaline storage bat- 
teries which is obtained by subjecting a sintered 
nickel porous plaque substrate wherein the whole 
of the surface of the sintered nickel constituting the 
substrate is covered with a nickel hydroxide coating 
and a cobalt oxyhydroxide layer is further formed on 
the outside of the coating to a series of active mate- 
rial filling operations comprising dipping the sub- 
strate in an acidic aqueous nickel salt solution, 
followed by drying, and then dipping the substrate 
in an aqueous alkali solution to effect conversion of 
the nickel salt into nickel hydroxide. 

3. An alkaline storage battery comprising a nickel pos- 
itive electrode, a negative electrode, a separator 
and an alkaline electrolyte wherein the positive 
electrode comprises a sintered nickel porous 
plaque substrate and an active material filled there- 
into, the whole of the surface of the sintered nickel 
constituting the substrate is covered with a nickel 
hydroxide coating and a cobalt oxyhydroxide layer 
is further formed on the outside of the nickel hydrox- 
ide coating. 

4. The alkaline storage battery according to claim 3 
wherein the whole of the surface of the sintered 
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nickel constituting the substrate is covered with the 
nickel hydroxide coating and the cobalt oxyhydrox- 
ide layer is further formed on the whole of the out- 
side of the nickel hydroxide coating. 

5. The alkaline storage battery according to claim 3 
wherein the thickness of the nickel hydroxide coat- 
ing is smaller than the thickness of the cobalt oxy- 
hydroxide layer. 

6. The alkaline storage battery according to claim 5 
wherein the thickness of the nickel hydroxide coat- 
ing is in the range of 10-100 A and the thickness of 
the cobalt oxyhydroxide layer is in the range of 
0.05-0.2 jim. 

7. An alkaline storage battery comprising a nickel pos- 
itive electrode, a negative electrode, a separator 
and an alkaline electrolyte wherein the positive 
electrode comprises a sintered nickel porous 
plaque substrate and an active material filled there- 
into and the surface of the sintered nickel constitut- 
ing the substrate is covered with a nickel hydroxide 
coating and on the outside thereof with a cobalt 
oxyhydroxide layer, the nickel hydroxide coating 
being formed from the nickel oxyhydroxide coating 
obtained by anode oxidation of the surface of the 
sintered nickel in an aqueous alkali solution, while 
subjecting a cobalt salt attached to the surface of 
the nickel oxyhydroxide coating to an alkali conver- 
sion treatment, through an oxidation-reduction 
reaction between the nickel oxyhydroxide coating 
and cobalt hydroxide, by reduction into a nickel 
hydroxide coating, and the cobalt oxyhydroxide 
layer being formed by oxidation of cobalt hydroxide 
formed on the outside of the nickel hydroxide coat- 
ing. 

8. The alkaline storage battery according to claim 7 
wherein the whole of the surface of the sintered 
nickel constituting the substrate is covered with the 
nickel hydroxide coating and the cobalt oxyhydrox- 
ide layer is formed on the whole of the outside of the 
nickel hydroxide coating. 

9. The alkaline storage battery according to claim 7 
wherein the thickness of the nickel hydroxide coat- 
ing is smaller than that of the cobalt oxyhydroxide 
layer. 

10. The alkaline storage battery according to claim 1 
wherein the thickness of the nickel hydroxide coat- 
ing is in the range of 10-100 A and the thickness of 
the cobalt oxyhydroxide layer is in the range of 
0.05-0.2 jim. 

1 1 . An alkaline storage battery comprising a nickel pos- 
itive electrode, a negative electrode, a separator 



and an alkaline electrolyte, wherein the positive 
electrode comprises a sintered nickel porous 
plaque substrate and an active material filled there- 
into, the surface of the sintered nickel constituting 

5 the substrate is covered with a nickel hydroxid 
coating, a cobalt oxyhydroxide layer is further 
formed on the outside of the nickel hydroxide coat- 
ing, and the nickel hydroxide coating changes cycli- 
cally into nickel hydroxide and nickel oxyhydroxide 

10 by the charge and discharge of the battery. 

12. The alkaline storage battery according to claim 11 
wherein the whole of the surface of the sintered 
nickel constituting the substrate is covered with the 

15 nickel hydroxide coating and further the cobalt oxy- 
hydroxide layer is formed on the whole of the out- 
side of the nickel hydroxide coating. 

13. The alkaline storage battery according to claim 1 1 
20 wherein the thickness of the nickel hydroxide coat- 
ing is smaller than that of the cobalt oxyhydroxide 
layer. 

14. The alkaline storage battery according to claim 13 
25 wherein the thickness of the nickel hydroxide coat- 
ing is in the range of 1 0-1 00 A and the thickness of 
the cobalt oxyhydroxide layer is in the range of 
0.05-0.2 um. 

30 15. A process for producing a sintered nickel substrate 
for alkaline storage batteries which comprises sub- 
jecting a sintered nickel porous plaque substrate to 
anode oxidation in an aqueous alkali solution to 
form a nickel oxyhydroxide coating on the surface of 

35 the sintered nickel constituting the substrate, then 
attaching a cobalt salt to the surface of the nickel 
oxyhydroxide and, while subjecting the cobalt salt 
to an alkali conversion treatment, through the oxi- 
dation-reduction reaction between the nickel oxyhy- 

40 droxide coating and cobalt hydroxide, converting 
the nickel oxyhydroxide coating to a nickel hydrox- 
ide coating and forming a cobalt oxyhydroxide layer 
on the outside of the nickel hydroxide coating. 

45 16. The process for producing a sintered nickel sub- 
strate for alkaline storage batteries according to 
claim 15 wherein the anode oxidation is conducted 
in an aqueous alkali solution of a liquid temperature 
in the range of 70-90°C. 

50 

17. The process for producing a sintered nickel sub- 
strate for alkaline storage batteries according to 
claim 15 wherein the node oxidation is conducted 
by electrolysis using the sintered substrate as the 
55 anode and a nickel plate as the cathode at an elec- 
trolytic potential (vs. Ag/AgCI) of 0.1-0.5 V for 5-30 
minutes. 
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FIG. 4 
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FIG. 5 
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